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Path planning of mobile robot based on the dynamic
optimization ant colony algorithm
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Provincial Key Laboratory of Complex Intelligent System and Integration, Harbin 150080, China)

Abstract: The path planning algorithm is a key component in the research of mobile robots. The ant colony algorithm is indeed a
relatively mature algorithm. To address the problems existing in the path planning algorithm of mobile robots, such as slow convergence
speed, numerous turning points, and poor stability, an improved dynamic optimization ant colony algorithm (IDOACO) is proposed.
First, heuristic information with directional guidance is introduced to enhance the purposefulness of path planning through the angle
guidance factor. Secondly, an obstacle exclusion factor and safety factor are incorporated into the pseudo-random state transition
probability to improve path safety. Furthermore, a multi-objective evaluation function is proposed to balance the path length and energy
consumption to achieve global optimization of path planning. Finally, a dynamic obstacle avoidance adjustment module is formulated to
assess and adjust the path in real time, enabling instant dynamic obstacle avoidance functionality. Simulation experiments are
implemented to compare the IDOACO algorithm. Compared with the existing algorithms, experimental results show that, in a complex
map environment, the IDOACO algorithm improves the average path length by approximately 4.63% and 11.78% , and the standard
deviation of the convergence speed is increased by 55. 21% and 66. 27% respectively. Experiments show that the shortest path generated
by the IDOACO algorithm not only converges faster, the number of turns is less, but also has higher stability and convergence accuracy.
Then, the dynamic obstacle avoidance effect is successfully verified. Finally, the improved algorithm is applied to the ROSMASTER-X3
mobile robot, and different target points are set for actual path planning. Experimental results show that the algorithm can effectively
solve the problems faced by the mobile robot in path planning, and has certain practical application value.
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Table 3 Experimental results of the algorithm simulation on a 20x20 map

ok BEAR I AU e
RILME I b2 RILIHE SR brifii2E FEE
ACO 30.384 8 32.230 1 2.2892 42 47.6 5.167 4 13
Hybrid ACO-APF 30.384 8 30.384 8 0 8 8.2 0.421 6 13
RACO 30.384 8 30. 823 7 0.728 8 18 18.3 0.480 3 13
IDOACO 30.384 8 30.384 8 0 5 5.1 0.316 2 11
10 IHESLVENL B N B BBk %0 ISR N B BBk
3 O TT7T 7T TT7T
25 25
1] ]
1]
20 #— 20 =
N I N ]
2 ] > 11
s s E
10 H ] 10 n N
I I ! {
T ! Nl T
] | I 1 5 ] I NS I
Sﬁ T :H ﬁ 11 1 o
0 5 10 15 20 25 30 0 5 10 NG 20 25 30
Abrx A FRx
(a) ACO (b) Hybrid ACO-APF

(¢) RACO

B8 3030 FHE T 4 FhE: AR R 4 SR

Fig. 8 Path planning results of four algorithms in a 30x30 environment

il __§ NENEEEE EEE BERRENEEEER
34 NNN NENENEE BN BN N EERE B

0 5 10 15 2
A FRx
(d) IDOACO



a6t

82 8 L F£ ¥ I
70
1 —=— ACO
V‘L —+ Hybrid ACO -APF
o5 /\ \ ~—RACO
YA \ 1~ IDOACO
60f[\ ¥\ |
g L] W“u\ Mo
\ ‘ \
gssrly A N A
g |4l U i‘u‘ N w/ \/ N[\ﬂf\/\ ﬂ‘v
I \[\ I |
504““ I | ‘NV\N
\ \
45 _% | X .
405 2 20 60 80 100
AR E

19 30x30 PRI T 4 R s &
Fig. 9 Convergence curves of four algorithms in

a 30x30 environment

BRI ARKEE Loy BIRTE T 29 4. 63% 11 11. 78% ,
XM IDOACO Hik BAT 5 i RS o , S L IRl i, 7k
G 7 T, IDOACO B3 7 bn v 22 b W43 il B v T
55.21% 1 66. 27% , 7 25 WU SSGH B 1) [ B, i 8 7 i
SO B

ZE TR EE AR AR B IR T, IDOACO Bk
BIReHR B R AR PR AR , 70 WS S B DL K A3 - B 45 Dy T
W REH B s R, I BAE M S8 1T 10 IRZ )5, B kAT
REIR R RS A 2 B AR B DL bR 22, B B
FaE eV S Sk

3) BhAvkERET HAL L

ARSI SE R I, 7R A AR AN R A R S b R A
B, IDOACO A5 RERS I 1 B A2 LI 1 42 Ry MR, >
SO UES L i 3N Ak BB 7, R FF IDOACO Bk M XS

T4 30x30ETERFELIRER
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